ABSTRACT: The aim of this study is to establish possible associations between temperature, salinity and egg and larval abundance, and the biochemical composition of wild ferthsed eggs and larvae of marine fish species. Eggs and larvae of the most abundant species at each station at the time of sampling were collected during 2 surveys carried out from 25 March to 14 Apnl 1995 (MPH-95) for collecting eggs and from 30 May to 16 June (SEFOS-95) for collecting larvae. Both surveys were carried out on the N-NW coast of the Iberian Peninsula. Egg size, egg abundance, egg stage, temperature and salinity explained a small variance in the high variation observed within and between stations in protein, carbohydrate and lipid content of the eggs in both Trachurus trachurus and Scomber scombrus. Conversely, protein, carbohydrate and lipid content of larvae in Sardina pllchardus, Engraulis encrasicolus and T trachurus seemed to vary according to either larval body length, temperature, salinity a n d o r larval abundance. Protein, carbohydrate and lipid content increased as larval body length increased for the 3 species. However, a percentage of lipid and protein in the larvae of the 3 species varied according to prevailing buoyancy conditions. An increment of larval lipid percentage and a reduction of larval protein percentage was observed as temperature increased and salinity decreased, the opposite case causing an increase in protein percentage and a decrease in lipid percentage of the larvae. This trade-off between protein and lipid production is interpreted as a mechanism to achieve optimal larval buoyancy.
INTRODUCTION
Most of the knowledge on energy reserves and energy metabolism in developing fish eggs and larvae has been primarily based on eggs that have been naturally or artificially fertilised in culture tanks (Watanabe 1982 , Vetter et al. 1983 , Fyhn & Serigstad 1987 , Fyhn 1989 , Miranda et al. 1990 , Finn et al. 1991 , Srivastava & Brown 1991 , Tamaru et al. 1992 . Little information exists in the literature on bioenergetic studies 'E-mail: castor@uvigo es Present addresses: "Instituto Espafiol de Oceanografia. Avda de Brasil, 31, E-28020 Madrid, Spain "'Centro Oceanografico de Santander. Instituto Espafiol de Oceanografia, Aptdo. 240, E-39080 Santander. Spain on fertilised eggs and larvae directly collected from the natural environment where the quality of eggs produced by females can be affected by biotic factors such as egg and larval abundance and abiotic factors such as temperature and salinity. Egg abundance could affect egg biochemical composition from the viewpoint of an optimum balance between offspring number and size (Buckley et al. 1991b) . Larval abundance could also affect larval biochemical composition due to a possible food depletion caused by a high intraspecific competition.
Temperature and salinity affect egg and larval buoyancy. Egg buoyancy has been shown as an important factor affecting success of fish spawning, mainly for 2 reasons. Firstly, eggs must stay buoyant in the upper water to avoid low oxygen conditions of deep layers (Nissling & Westin 1991) and, secondly, eggs must reach an appropriate water depth for larval feeding by the time of hatching (Page et al. 1989) . As there is a spatial and temporal variability in both temperature and salinity, hence in egg buoyancy (Coombs et al. 1985) , any change in egg density directed toward achieving optimal buoyancy could benefit the recruitment processes. Egg buoyancy can vary according to egg water content (Craik & Harvey 1987) and chorion thickness (Kjesbu et al. 1992) . Differences in egg density can also occur as a result of changes in egg quality, with eggs' low specific weight relative to sea water when egg quality is poorer (Kjesbu et al. 1992) . On the other hand, many studies have also pointed out the importance of water density for larval spatial distribution. Lee et al. (1995) showed that surface water temperature and salinity were important factors associated with the formation of larval anchovy fishing grounds. Anderson & DeYoung (1995) demonstrated that vertical distribution of cod eggs and larvae was sensitive to changes in water temperature and salinity, showing a progression from deeper to shallower depths as cod eggs develop through to larvae. Page et al. (1989) pointed out the importance for larval survival of staying in the upper more productive layers. Therefore, changes in either protein, carbohydrate or lipid percentages of the eggs and larvae could be observed as a mechanism to achieve optimal egg and larval buoyancy. The aims of this study were to determine changes in protein, carbohydrate and lipid composition during the development of eggs and larvae collected from natural fish populations and to dlscover whether protein, carbohydrate and lipid content of eggs and larvae could be associated to changes in temperature, salinity and/ or egg and larval abundance.
METHODS
Wild fertilised eggs and larvae of the most abundant species at each station at the time of sampling were collected during 2 surveys carried out from 25 March to 14 April 1995 (MPH-95) for collecting eggs and from 30 May to 16 June (SEFOS-95) for collecting larvae on the RV 'Cornide d e Saavedra'. Fig. 1 shows the location of sampling stations for both surveys. These sampling stations and periods were chosen because previous studies have shown that the main spawning of the most abundant species in the Cantabnan Sea occurs in these areas: from April to May for Scomber scombrus, from May to June for Trachurus trachurus and, although the spawning period of Sardina pilchardus extends almost throughout the whole year, the main and consistent peak occurs from April to May (So16 et al. 1990) .
As this survey formed a part of an EEC project, we used integrated tows following the ICES basis of the MackereVHorse mackerel egg production workshop (Anonymous 1994) and, hence, information on the depth distribution of eggs and larvae was not obtained. Oblique tows were performed using a 50 cm diameter bongo net fitted with 200 pm mesh. Eggs and live larvae were immediately removed from the plankton samples using pipettes and, after examination under a binocular microscope equipped with an ocular micrometer, egg diameter or larval body length was measured and embryonic developmental stages were determined according to the morphological criteria of Lockwood & Nichols (1977) for Scomber scornbrus and Pipe & Walker (1987) for Trachurus trachurus. Eggs or larvae were then transferred to individual 1.5 m1 ultracentrifuge plastic tubes where each egg was homogenised in either 300 p1 (to analyse protein and lipid) or 500 p1 (to analyse carbohydrate and lipid) and each larva in 675 p1 (to analyse protein, carbohydrate and lipid) of distilled water using a pipette tip adapted to fit the shape of the vial. Therefore, for each larva protein, carbohydrate and lipid content were analysed, whereas for each egg either protein and Lipid or carbohydrate and lipid were analysed. These samples were immediately frozen on board for further laboratory analysis of egg and larval biochemical composition.
Protein, carbohydrate and lipid percentage were calculated considering total organic content as the combined total protein, carbohydrate and lipid content of eggs and larvae.
Egg and larval biochemical composition analysis. For each individual egg or larva homogenate, 200 p1 was used for protein analysis, 400 p1 for carbohydrate analysis and 75 p1 for lipid analysis. The method described by Lowry et al. (1951) and modified by Markwell et al. (1978) was used to analyse the protein content of the eggs. To sample volumes of 200 p1, 50 p1 NaOH (0.5 N) (prepared just before the test) and 750 p1 of solution C were added. Solution C was prepared shortly before the beginrung of the analysis and was composed of solutions A and B in the proportions of 100A:lB. These solutions were as follows: solution A, Na,CO, (2 %), NaOH (0.4 %), NaK(C00)2(CHOH)24H20 (0.16 %), SDS (1 'Xo); solution B, CuS0,5H20 (4 %). The samples were shaken and maintained at 30°C for 15 min. Then 75 p1 of diluted 1 : l Folin-Cioccalteus was added to each sample. Subsequently, the samples were incubated for 30 min at the same temperature. Absorbance was read at 660 nm and compared with bovine serum albumin (BSA) standard.
Egg and larval carbohydrate content was measured by the phenol-sulphuric acid method of Dubois et al. (1956) . To sample volumes of 400 pl, 10 p1 of 81 % phenol was added and, after gently shaking, 1 m1 of concentrated sulphuric acid was added. The samples were shaken again and maintained at room temperature for 30 min. Finally, the absorbance was read at 485 nm. A standard curve was established by using reagentgrade glucose.
Egg and larval lipid content was determined using the sulfophosphovanillin method of Zollner & Kirsch (1962) . 50 p1 of absolute ethanol was added to sample volumes of 75 p1 immediately after the sample was shaken and maintained at 4°C for at least 2 h. Then 375 p1 of concentrated sulphuric acid was added and later, after samples had been homogenised by shaking, the tubes were maintained at 100°C for 15 min. After hydrolysis, when the tubes had cooled down, 2 m1 of vanillin reagent was added. Absorbance was read at 530 nm, with cholesterol as standard, after tubes had been shaken and incubated at 30°C for 30 min. Vandin reagent was prepared by mixing 1.976 g of vandin with 800 m1 of 85 % &PO4 and distilled water to 1000 ml.
Hydrographic sampling. Hydrographic sampling was carried out by CTD cast. The CTD used was a SeaBird 25. Water samples were taken from the surface, 500 and 1000 m depth for CTD calibrations. Salinity analysis of the water samples was made on board using a 2100 MINISAL salinometer calibrated with standard water. Since we used integrated tows, there was no information on egg and larval depth distribution and, hence, temperature and salinity at each station were calculated as the mean of the values taken every 5 m as far as the bongo tow depth. However, it is important to mention that temperature and salinity at the depth at which eggs or larvae are distributed could be different from these mean values. Table 1 shows tow characteristics and mean temperature and salinity of the whole water column for all the stations sampled in both surveys.
RESULTS
A high variation between and within stations in protein, carbohydrate and lipid content of eggs was observed for Scornber scornbrus and Trachurus trachurus (Table 2 ). Stepwise regressions show that neither egg size, egg stage, temperature, salinity nor e g g abundance explained a high proportion of this variation found in protein, carbohydrate and lipid content of the eggs for both species (Table 3 ) .
In contrast, a high proportion of the variation observed in larval protein, carbohydrate and lipid contents for Sardina pilchardus, Trachurus trachurus and Engraulis encrasicolus between and within stations (Table 4) was explained either by larval size, temperature, salinity and/or larval abundance (Table 5 ). An increment in total protein, carbohydrate and lipid content of larvae was obtained as larval size increased for the 3 species (Table 5) . However, protein and lipid contents of larvae were also affected by the temperature and salinity of the water. At higher temperature and lower salinity, hence lower buoyancy for the larvae, a reduction in larval protein percentage and an increment in larval lipid percent were observed, the opposite being the case as temperature decreased and salinity increased (Table 5 , Fig. 2 ). In the case of T. trachurus and E. encrasicolus the relationships between protein and lipid percentage with temperature were not as significant as for S. pilchardus (Fig. 2) . This is probably due to the low number of data and the small temperature range.
These changes in the biochemical composition of the larvae as temperature varied were not associated to changes in larval organic content. Fig. 3 shows that, considering the 4 species, there was a significant relationship between total organic content (combined total protein, carbohydrate and lipid content of eggs and larvae) and either e g g or larval size. Therefore, for the same larval size, there is a trade-off between protein and lipid production according to a larva's specific weight relative to sea water, so that the organic content remains the same. n a c h u r u s trachurus 
DISCUSSION AND CONCLUSIONS
It has been shown that either protein (Sparus aurata; Fyhn 1989 , Rernnestad et al. 1994 or lipid (Sc~aenops ocellata; Vetter et al. 1983 ) is the most important source of energy during egg development in fish. In other fish species, e.g. Atlantic halibut Hippoglossus hippoglossus, egg biochemical composition was found to be more size-dependent than egg stage-dependent (Finn et al. 1991) . although in further species, e.g. Pseudopleuronectes americanus, protein and lipid concentration of the eggs were independent of egg size (Buckley et al. 1991b) . In this study, however, the biochemical composition of wild eggs of Scomber scombrus and Trachurus trachurus was not highly correlated to either egg stage, egg size or egg abundance (Table 3 ). The lack of correlation between egg biochemical composition and egg abundance is hardly surprising because it has been shown that egg abundance in the field cannot be equated with offspring numbers collected from a single female under controlled conditions (Buckley et al. 1991a) .
Egg biochemical composition of Scomber scornbrus and Trachurus trachurus did not vary according to (Table 3) . Therefore, for these 2 species, changes in protein, carbohydrate and lipid content of the eggs were not observed as a mechanism to modify egg buoyancy. This result is in agreement with those that considered the function of lipid in the eggs as nutritive and not as hydrostatic (Craik & Harvey 1987) . As vertical distribution of pelagic eggs is more influenced by wind-induced mixing than by egg buoyancy (Coombs et al. 1985 , Sundby 1991 , to assure optimal buoyancy, it is probably enough to produce eggs of a density which allows the eggs to stay buoyant in the upper layers according to the prevailing range of salinity in the spawning areas, additional strategies such as changes in the biochemical composition of the eggs not being necessary. The variation in the egg biochemical composition observed for these 2 species could be due to the influence of other factors, such as parental effect. Other studies have shown that female size and spawning time affect egg size, fecundity and egg viability (Buckley et al. 1991b , Kjesbu et al. 1992 .
Conversely, larval size, temperature and salinity were found to be important factors which affected the biochemical composition of larvae in Sardina pilchardus, Trachurus trachurus and Engra ulis encrasicolus ( Table 5 ) . The trade-off observed between protein and lipid as temperature changed (Fig. 2) could be explained as a response in order to achieve optimal larval buoyancy. From total organic investment either a higher proportion of protein or lipid is synthesised according to prevailing buoyancy conditions. The differences found between egg and larval stages in protein, carbohydrate and lipid contents, as water density changed, could be explained according to some of these assumptions: in the egg stage it is not possible to modify the biochemical composition; to achieve optimal buoyancy in the larval stage is of higher value in the recruitment process than in the egg stage; and finally, as has been mentioned above, vertical distribution of pelagic eggs is mainly influenced by wind-induced mixing, possible changes in egg buoyancy due to possible variations in egg biochemical composition being of minor importance.
Larval abundance could affect the biochemical composition of larvae due to a possible food depletion at high larval densities. Although some of the larval densities found in this study for the 3 species were similar to the maximum values observed in this area (Dicenta 1984) , larval abundance was not as important a factor as larval size and temperature and, moreover, the significant relationships observed showed no clear pattern of the possible influence of intraspecific competition on larval protein, carbohydrate and lipid contents in Sardina pilchardus, Trachurus trachurus and Engraulis encrasicolus (Table 5 ) .
Larval carbohydrate content was not affected by changes in water temperature and salinity. This component was found to be size-dependent in the larval stage. The proportion of carbohydrate was very low in both eggs (Table 2 ) and larvae (Table 4) val size, temperature and/or salinity. An increment in larval organic content of Sardina pilchardus, T trachurus and Engraulis encrasicolus was observed as larval size increased. However, a higher proportion of either protein or lipid was synthesised according to water density, probably as a strategy directed toward achieving optimal larval buoyancy.
